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this  work  has  studied  the  photochemistry  of  nit  rami nes.  Initially, 
the  synthesis  of  three  nit rami nes  which  have  similar  properties  to 
W>-  trinitro- W>-tria;acyc  lohexane  ( RHX ) was  performed . The  three 
compounds  were:  N ni tropiperldine,  N*N-dtnt tro-piperazine,  and  ),.t 
dint tro- 1^3-dia/acyclohexane.  They  were  characterized  by  their  infra- 
red and  NMK’  spectra,  and  by  comparison  of  their  physical  properties 
with  literature  values. 

The  photochemistry  of  N-nitropiperldino  and  N-N-dini tropiperazlne 
was  conducted  in  a quart;  cell  usinq  a Hanovia  medium  pressure,  mercury- 
arc,  immersion  lamp  (i'OOw).  The  functionality  of  the  decomposition 
products  led  to  the  proposal  of  a mechanism  which  describes  the  photo- 


chemical decomposition  of  cyclic  nitramines. 
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11.  HISTORICAL 


Nltramines  have  been  used  as  explosives  for  many  years.  1,3,5- 

trini tro-1 ,3,5-trlazacyclohexane  (RDX)  was  first  prepared  in  18994. 

Herz  in  1920  proposed  the  correct  structure  for  ROX  and  recognized 

5 6 

its  explosive  properties.  N.N-Dini tropiperazine  , N-Ni tropiperidine  , 
and  1 ,3-0initro-l ,3  diazacyclohexane'  have  been  prepared  and  their 
physical  properties  determined. 

Several  different  groups  have  done  studies  on  the  thermal  degradation 
of  nitramines.  The  products  of  the  decomposition  are  listed  in  table 
one  as  measured  in  percentages  by  mass  spectrometry. 


Table  One 


Investigator 

Suryanarayana® 

o 

Masinov 

Robertson111 

| Nitramine 

HMX 

HMX 

ROX  HMX 

[Oecomp.  Prod. 

NO 

40.0 

14.0  38.5 

No 

9.9 

hCn 

9.6 

major  (a) 

17.2  16.6 

CH?0 

4.6 

34.4  18.5 

C0L> 

8.  5 

CO 

8.5 

major  (a) 

present 

h2 

22.4  9.4 

h;o 

11.8  16.4 
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In  the  studies  on  the  thermal  decomposition  products  of  dimethyl- 


nitramine,  Flournoy  found  that  the  overall  reaction  was  first  order 
and  unaffected  by  the  addition  of  NO. 

The  photolysis  of  nitramines  has  been  done  by  several  different 
workers.  Torbit  (3)  found  that  by  varying  the  medium  in  which  the 
photolysis  was  done  the  decomposition  products  were  different.  For 
example,  in  acetone  solution  the  products  were  N^,  CoHo,  O2,  CO^,  and 
N^O;  for  the  solid  in  vacuo.  No,  C^H,,  C^H^,  CH.,0  and  N^O.  He  proposed 


the  following  mechanism: 


5.N-N  N-NO^  — N-NO. 

1 O 


H N 

•<W 


O.N-H 

^ 1 


N^O,. 


+ N-NOj, 


4 N,.0 

+ 4 CH,0 


3Nz+  30^+  iC^H, 


A study  of  the  photolysis  of  ROX  by  both  ultraviolet  and  gamma  rays 
has  been  done  by  Darney1^.  For  either  energy  source  the  results  were 
the  same.  He  reported  that  at  20°C  a N0~+  radical  was  seen  in  the  ESR 


r 

1 . 


spectrum.  However,  once  irradiation  was  stopped  the  radical  disappeared 
within  a half  hour.  When  the  temperature  was  increased  to  40°C  the 
radical  existed  indef ini tely.  Explanation  of  these  observations  were 
not  offered  at  that  time  nor  subsequently. 

The  irradiation  of  cyclic  nitramines  has  produced  cyclic  nitroxides 

0 

» ] 3 

R^ --(j--N--C--R:,  . In  the  cases  where  R was  hydrogen  the  radicals  were 

very  short-lived  intermediates  and  only  detectable  by  ESR  techniques. 

If  the  R groups  were  alkyl  the  stability  increased  greatly.  The  mechanism 
for  the  decay  of  nitroxides  having  a beta  hydrogen  has  been  proposed1^. 
Dupeyre  and  Russat  proposed  that  the  mechanism  is  bimolecular  with  the 
products 

O OH 

f'i  — n • 


being  the  nitrone  and  hydroxylamine.  Experimental  support  for  this 
process  was  provided  by  K.  U.  Ingold15.  Kaminsky  and  lamchen15  and 
others  have  shown  that  the  photolysis  of  cyclic  nitrones  gives  oxi- 
ziridines.  They  proposed  the  following  mechanism  for  2.4,4-t.rimethyl - 
1 -pyrrol ine  as  follows: 
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The  importance  of  the  possibility  of  using  ultraviolet  light  to 
demilitarize  ordinance  containing  nitramines  must  not  be  overlooked 
Hoffsommer  ooserved  that  the  use  of  water  to  remove  the  nitramine 

2 

explosives  from  military  hardware  left  non-biodegradable  effluents 
Irradiation  of  aqueous  solutions  of  RDX  can  be  broken  down  to  more 
ecologically  compatable  substances.  Moreover;  he  observed  that  the 
Droduct  distribution  is  dependent  on  the  radiation  source  as  the 
decomposition  mechanism  seems  to  have  two  wavelength-dependent 
possibilities. 


1 


Since  Darney  observed  gamma-rays  caused  damage  of  a similar  sort 
as  that  of  ultraviolet,  and  Torbit  showed  that  the  solid  was  dudded 
by  irradiation,  in  situ  treatment  with  gamma  or  X-rays  might  have 
significant  effects. 
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III.  EXPERIMENTAL 

A.  Synthesis  of  Model  Compounds 

In  all  these  preparations  the  infrared  and  NMR  spectra  of 
both  the  final  products  and  their  respective  intermediates  were  used 
to  confirm  physical  characteristics.  A Varian  A-60  nuclear  magnetic 
resonance  spectrometer  was  used  to  record  NMR  data  while  a Perkin- 
Elmer  grating  infrared  spectrophotometer  model  467  was  used  for 
recording  infrared  data. 

1.  Preparation  of  N-Nitropiperidine6 

Into  a 100  ml.  round  bottom  flask  was  placed  12  ml.  of 


piperidine  and  5.8  ml  of  97%  formic  acid.  The  solution  was  refluxed 

for  50  min.  The  fraction  boiling  at  98-104°C  was  distilled  off. 

Three  solutions  were  cooled  in  ice:  (a)  28  ml  (0.67  mole)  of  red 

fuming  HNO^,  (b)  20  ml.  of  F^CCOOH  and  48  ml.  of  acetic 

anhydride,  and  (c)  the  solution  remaining  from  the  above  distillation. 

Solution  (a)  was  added  slowly  to  (b)  and  cooled  to  0°C.  (c)  was 

added  while  stirring  and  maintaining  the  temperature  below  10°C. 

The  solution  was  gradually  brought  to  room  temperature  and  stirred 

for  35  min,  then  quenched  on  50  gms  of  ice.  Two  50  ml  aliquots  of 

chloroform  were  used  to  extract  the  product.  This  solution  was  then 

washed  with  110  ml  of  10%  NaHCO^  solution  until  neutral  to  litmus. 

It  was  then  dried  over  Na2S0^(s)  and  the  solvent  was  stripped  off 

with  a rotary  evaporator.  The  resulting  solution  was  distilled  at 

20_ 

°C,  nn  -1.470.  Literature  values  for  U'-nitro- 
u 20- 
of  62-64°C  at  0.2  mm  Hg  and  nQ  '1.463.  The 
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actual  yield  was  0.0852  moles  resulting  in  a 55%  yield. 

5 

2.  Preparation  of  N-N  Dinitropiperazine 

a.  Piperazine  dihydrochloride. 

110  qms.  of  piperazine  was  placed  in  a 250  ml.  round 
bottom  flask,  fitted  with  a reflux  column.  50  ml.  of  water  was  added 
(with  stirring).  Then.  50  ml.  of  cone.  HC1  were  slowly  added.  This 
was  done  in  an  ice  bath.  The  reaction  mixture  was  wanned  to  room 
temperature  and  most  of  the  solvent  was  stripped  off  with  a rotary 
evaporator.  The  product  was  dissolved  in  34.0  ml.  of  boiling  water 
and  recrystall  ized  with  100'1  ethanol.  After  cooling,  filtering, 
and  drying  a m.p.  of  318°C  was  obtained  as  per  literature.  The 
actual  yield  was  0.1139  moles  with  a percent  yield  of  80. 

b.  N-N  Dinitropiperazine. 

A nitrating  solution  made  up  of  the  following  compounds 
was  made  up  and  cooled  to  0°C:  11.65  ml.  of  acetic  acid,  22.7  ml.  of 

acetic  anhydride,  and  18.0  ml.  of  red  fuming  HNO^.  6.0  gms  of  above 
salt  were  added  maintaining  the  temperature  below  5°C.  The  mixture 
was  stirred  for  0.5  hours  and  warmed  slowly  to  room  temperature.  It 
was  left  to  stir  for  70  hours  under  nitrogen.  Then  200  ml.  of  water 
were  added.  NaHCC'^(s)  was  added  until  the  reaction  ceased.  Then  a 
Id  NaHCO,  solution  was  used  to  wash  the  solid  until  neutral  to  litmus. 


.\z%--z 


The  solid  was  filtered  off  and  recrystall ized  from  a minimum  of  boiling 
water.  A m.p.  of  21 2-21 3°C  was  found  with  a literature  value  of 
214.8-216°C.  The  actual  yield  wat  0.0217  moles  and  a percent  yield  of 
57. 

3.  Preparation  of  1 ,3,-Dinitro-l ,3,-diazacyclohexane^. 

a.  1 , 3, Di ami  nopropane  dihydrochloride. 

44  ml.  of  core.  HC1  was  placed  into  a three  necked 

round-bottom  flask  fitted  with  a reflux  column.  23  ml.  (0.270  moles) 

of  1 ,3,diaminopropane  were  added  dropwise  while  stirring  with  a magnetic 

stirrer.  After  addition  of  the  1 ,3,dieminopropane  the  solid  was  filtered 

off.  In  order  to  obtain  the  rest  of  the  salt,  the  solution  was  stripped 

off  using  a rotary  evaporator.  The  m.p.  was  243°C.  The  lit.  value  is 
o 

243  C . 32.2  gms  of  1 ,3, Di ami  nopropane  dihydrochloride  were  obtained 

for  a 87.4%  yield. 

b.  Biscarbomethoxy  1 ,3,diaminopropane 

34.00  gms  of  the  above  product  was  placed  in  a three 
necked  round-bottom  flask  fitted  with  a reflux  column.  The  apparatus 
was  placed  in  an  ice  bath  and  88.8  ml  of  6M  NaOH  was  added  dropwise. 
Simultaneously,  88  ml.  of  6M  NaOH  and  55  ml.  of  methyl  chloroformate 
were  added  dropwise.  The  resulting  solution  was  stirred  for  3 hours. 

Then  three  60  ml  aliquots  of  chloroform  were  used  to  extract  the  product. 
After  stripping  off  the  chloroform  and  titration  with  hot  hexane,  39.27 
gms  of  the  title  compound  were  obtained,  m.p.  64°C,  lit.  74-76°C,  for  a 
86.3%  yield. 


c . N,N'  -l)1carbomethoxy-N,N ' -dlnl  troaml nopropane 

43  ml.  of  acetic  anhydride  and  20  ml.  of  (**<  fluoracet  ic 
anhydride  were  mixed  together  and  cooled  on  an  Ue  hath  to  -'j°C.  40  ml. 
of  red  fuming  UNO  ^ were  added  dropwlse.  For  2 hours  .34.0  gms  of  the 
above  product  were  added  maintaining  the  temperature  below  10°C.  The 
solution  was  slowly  b rough t to  room  temperature  and  stirred  tor  two 
hours.  After  pouring  over  100  gms  of  Ice,  filtering,  washing  with  liH 
NaMCOj,  and  drying,  4J.S4  gms  of  N,N' -D1carbomethoxy-N,N' -dinl t ro> 
di  ami  nopropane  were  obtained.  The  m.p.  was  lit.  m.p.  ,l, 

for  a 134.13  yield. 

d.  N.N'-Oinltro-l , 3-d 1 ami  nopropane 

42.h  gms  of  the  above  product  was  slowly  added  to  HO.O 

ml  of  cone.  Nil, 013  in  a round  bottom  flask  fitted  with  a reflux  condenser. 

4 

The  solution  was  stirred  at  room  temperature  for  10  hours.  It  was  then 
refluxed  for  O.b  hours.  SO  ml  of  water  was  added  followed  by  enough  ON 
(111  to  make  the  solution  neutral  to  litmus  paper  (approx.  SO  ml).  Hirer 
7S  ml  atiguots  of  ethyl  acetate  were  used  to  extract  the  product.  After 
stripping  off  the  ethyl  acetate, t ransl ucent , white  crystals  remained,  lhr 
m.p.  of  these  crystals  was  5?°C.  The  literature  value  for  the  m.p.  of 
N . N ’ diamino  1 .. 3-d i ami  nopropane  is  69°C.  All  efforts  failed  to  isolate 
the  title  compound  as  seen  by  the  persistence  of  amide  bands  in  the  1r 
spectra  of  the  Isolated  material. 

13.  Photolysis  Reactions 

The  photolyses  were  carried  out  in  a two  liter,  water  Jacketed 
vessel  equipped  witli  a reflux  condenser,  a nitrogen  sparger,  and  a water 
Jacketed  quart/  Inversion  well.  The  ultraviolet  source  was  a Hanovia 


I 

i 
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200  watt,  medium  pressure,  mercury  arc.  All  runs  were  conducted  under 
nitrogen  gas  unless  indicated  otherwise.  It  was  found  that  hexane,  which 
is  an  excellent  choice  for  a solvent  that  does  not  quench  the  singlet, 
could  not  be  used  as  it  would  not  dissolve  enough  of  the  model  compounds. 
Tetrahydrofuran  and  1,4-dioxane  were  used  as  "singlet  solvents."  Acetone 
is  a triplet  sensitizer  solvent  but  undergoes  photodecomposition  of  its 
own  thereby  complicating  the  system.  To  sensitize  the  system  to  the 
triplet,  10%  benzophenone,  by  weight,  was  added  to  the  respective  solvent. 
The  1,4-dioxane  used  was  purified  by  adding  five  grams  of  CuCl^U)  per 
liter  of  dioxane,  refluxing  for  one  hour  and  then  distilling  of  the  pure 
1 ,4-dioxane. 

In  order  to  determine  whether  the  solvents  chosen  underwent 
photochemistry  by  themselves,  a 500  ml.  sample  of  each  solvent  was 
irradiated  for  two  hours.  By  comparing  infrared  spectra  of  both  the 
pure  solvents  and  the  photolyzed  portions,  it  was  found  that  no  photolysis 
had  occurred.  The  following  photolysis  experiments  were  conducted. 

1.  0.87  grams  of  N,N-dinitropiperazine  was  added  to  550  ml  of 

1,4  dioxane  and  the  solution  was  photolyzed  for  two  hours.  The  relatively 
poor  solubility  of  N,N-dinitropiperazine  in  1,4-dioxane  prevented  full 
solution  and  therefore  photoreaction.  After  separating  the  solid  and 
stripping  off  the  solvent  a reddish  residue  remained.  The  solvent  was 
checked  by  gas  chromatoqraphy  using  a six-foot  stainless  steel  column 
packed  with  chromosorb  W,  carrying  0.65  percent  EGA,  at  150°C,  to  see 
if  any  products  had  distilled  off  with  the  solvent.  None  were  detected. 
The  residue  was  taken  up  in  methanol.  Thin  Layer  Chromatography  using 
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Eastman  Chromatoplates  of  silica  gel  and  acetone,  carbontetrachloride, 
chloroform,  and  methanol  as  solvents,  was  conducted  with  no  noteworthy 
results.  The  residue  in  a minimum  amount  of  methanol  was  added  to  a 
neutral  alumina  column  charged  with  acetone.  The  following  solutions 
were  run  through  the  column  and  samples  collected:  20  ml  of  acetone. 

20  ml  of  51  methanol  in  acetone,  20  ml  of  501  methanol  in  acetone, 
and  two  20  ml  aliquots  of  pure  methanol.  The  infrared  spectrum  of  the 
photolysis  product  and  the  infrared  spectra  of  the  five  samples  obtained 
from  the  column  chromatography  were  recorded. 


BANOS  COMMON  TO  ALL  SPECTKA  (in  cm'1) 


3500-3000  broad 
2950-2850 
1660 
1520 
1440 
1250 
960 
870 


(S) 

(5) 

S) 

S 


(S) 

(S) 

(M) 

(M) 


except  in  last  sample. 


From  the  first  sample  of  chromatographed  material  and  from  the  solid 
residue,  a strong  band  at  1740  cm'1  is  present.  This  band  does  not 
appear  in  succeeding  spectra.  Also,  the  first  three  samples  contained 
a band  at  830  cm'1  which  then  disappears. 

2.  0.50  grams  of  N,N-dinitropiperazine  was  added  to  500  ml 

of  tetrahydrofuran  and  photolyzed  for  two  hours.  Complete  solution  was 
assured  before  photolysis  was  begun.  After  stripping  off  the  solvent  a 
"gummy"  residue  remained.  This  residue  was  partially  soluble  in  methanol. 
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The  solid  was  washed  with  water  and  by  its  melting  point  and  infrared 
spectrum  was  determined  to  be  the  starting  material,  N-N-dinitropiperazine. 
The  methanol  was  stripped  off  the  solution  and  the  resulting  residue  was 
taken  up  in  carbontetrachloride.  At  this  point  there  was  still  an  oily 
residue  left  in  the  flask.  This  was  again  taken  up  in  methanol.  Infrared 
spectra  were  obtained 


CC1 4 soluble 

MeOH  soluble  MeOH  soluble 


3500-3100  (cm'  ) 

broad  (S) 

3650 

(W) 

2940 

(S) 

2960 

(S) 

1760 

(M) 

1 780 

(S) 

1710 

(M) 

1730 

(S) 

1660 

(S) 

1365 

(M) 

1450-1380 

(S) 

1160 

(S) 

1250 

(S) 

1040 

(w) 

1170 

(M) 

930 

(VW) 

1030 

(S) 

860 

(VW) 

960 

(M) 

930 

(vw) 

830 

(W) 

760 

(M) 

3.  1.0  grams  of  N-nitropiperidine  was  added  to  550  ml.  of  1,4 

dioxane  and  irradiated  for  two  hours.  After  stripping  off  the  solvent 
0.84  grams  of  a reddish-brown  liquid  remained.  This  residue  was  taken 
up  in  carbontetrachloride.  The  molecular  weight  of  the  residue  was 
determined  by  Vapor  Pressure  Osmometer  to  be  255  grams  per  mole.  Some 
black  residue  remained  insoluble.  The  infrared  spectrum  of  the  carbon 
tetrachloride  solution  was  obtained  as  follows  after  subtracting  out 
those  peaks  present  due  to  the  carbontetrachloride. 
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2950  (cm-1) 

(S) 

2860 

(M) 

1720 

(VS) 

1680 

(M) 

1530 

(S) 

1450 

(S) 

1390 

(W) 

1370 

(w) 

1315 

(M) 

1275 

(M) 

1175 

(S) 

1100 

(S) 

1070 

(S) 

1030 

(M) 

1015 

(S) 

1000 

(W) 

870 

(W) 

850 

(W) 

H 

4.  2.0  grams  of  N-nitropiperidine,  0.15  grams  of  benzophenone, 

?■  . 

1 

, and  500  ml.  of  1,4  dioxane  were  mixed  together  and  photolyzed  for  two  hours. 

After  stripping  off  the  dioxane  a reddish  liquid  remained.  Column  chroma- 
tography was  employed  to  try  to  separate  the  benzophenone  from  the  photolysis 
product(s).  Neutral  alumina  was  used  as  the  column  and  was  charged  with 

r S 

hexane.  After  the  red  liquid  was  poured  onto  the  column,  the  following 
solutions  were  run  through  the  column:  10  ml  of  10%  methanol  in  hexane, 

10  ml  of  60%  methanol  in  hexane,  and  two  20  ml  aliquots  of  pure  methanol. 

Two  samples  were  obtained  and  their  infrared  spectra  recorded.  By  sub- 
tracting out  the  benzophenone  bands  and  those  of  carbontetrachloride  where 
it  was  used  as  a solvent  the  following  data  was  obtained. 


1) 


ft, 


rjsr  1 


■ 


Starting  Material  (not  chromatographed) 
-1 


3600-3000  (cm"1) 

2950,2850 

1760,1730 


broad 

(S) 

(S) 


Balance  unresolved  or  due  to  benzophenone. 


Starting  Material  (in  CCl^) 
2950, 2860 ^ 


1730 

1670 

1390 

1060 

960 


(S) 

(W) 

(W) 

M 

M 

(M) 


Sample  1 (after  chromatography) 


All  peaks  match  benzophenone  except  one  at  1300  cm 

Sample  2 (after  chromatography) 


-1 


i- 

3700-3100  (cm-1) 

broad 

2950-2860 

(S) 

1760 

(W) 

1730 

(W) 

1510 

(S) 

1390 

(M) 

1245 

(S) 

1150 

(M) 

1120 

(M) 

1065 

(S) 

1010 

(M) 

Ifr 

860 

(M) 
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5.  0.5?  grams  of  2-pyrrol idone  was  added  to  500  ml.  of  1 ,4-dioxane 

and  irradiated  for  two  hours.  After  stripping  off  the  solvent  a reddish 
liquid  remains  whereas  ?-pyrrol idinone  is  a clear  liquid.  The  infrared 
spectrum  of  the  photolyzed  2-pynol idinone  has  three  peaks  in  the  finger- 
print region  at  1255  cm , 1120  cm  ' and  870  cm*'  which  do  not  occur  in 
pure  2-pyrrol idinone.  When  comparing  the  nuclear  magnetic  resonance  (NMR) 
spectrum  of  samples  of  the  unphotolyzed  and  photolyzed  2-pyrrol idinone, 
the  only  difference  is  a broad  unresolved  peak  at  6 = 5.0  in  the  spectrum 

of  the  photolyzed  sample.  This  can  be  explained  by  Norrish  type  cleavage 

19 

which  can  be  one  of  two  types. 


Cleavage  which  occurs  between  the  alpha  and  beta  carbons  is  Type  I,  and 
cleavage  which  occurs  between  the  beta  and  gamma  carbons  is  Type  II. 


Cleavage  of  this  type  can  explain  the  H-C=C  in  the  NMR  spectrum  of  the 
photolyzed  sample.  Integration  of  that  spectrum  shows  that  the  contri- 
bution of  the  peak  at  vS  = 5.0  to  the  overall  structure  is  very  small. 
Therefore,  the  majority  product  upon  photolysis  is  still  the  Y-lactam 


(2-pyrrol idone) . The  molecular  weight  of  2-pyrrol idone  is  86.0 
gms.  The  molecular  weight  as  determined  by  a Hewlett-Packard  Vapor 
Pressure  Osmometer  is  97.3  grams. 

6.  0.69  grams  of  2-pyrrol idone  was  added  to  500  ml.  of  1,4- 

dioxane  and  photolyzed  for  two  hours  under  NO.  After  stripping  off 
the  solvent  a yellowish  liquid  remained.  The  infrared  spectrum  was 

recorded  with  new  bands  appearing  at  1770  cm'1,  1340  cm"1,  1140  cm’1, 

1020  cm  1 and  870  cm-1.  This  spectrum  is  also  missing  bands  at  1070 

cm  1 and  1000  cm'1  which  are  present  in  2-pyrrol idone.  The  NMR  spectrum 

shows  that  the  peak  at  6 - 8.00  is  much  smaller.  Several  new  peaks 
appear  that  are  not  present  in  the  spectrum  of  2-pyrrol idone.  There 
is  a possible  triplet  centered  at  6 = 3.5,  a singlet  at  6 = 3.45  (attri- 
buted to  1,4-dione,  a doublet  at  S = 2,  8,  and  singlets  at  5 = 2.65, 

6 = 2.5,  and  6 = 2.1. 

7.  500  ml.  of  1,4-dioxane  was  irradiated  for  two  hours  under 
nitric  oxide.  The  infrared  spectrum  of  the  photolyzed  1,4-dioxane  was 
compared  to  a spectrum  of  an  unphotolyzed  sample.  No  shifts  were  noted. 
Likewise,  the  NMR  spectra  were  compound.  They  too  are  identical  with 

a singlet  at  5 = 3.50. 

C.  Fluorescence  Studies 

Using  a Baird- Atomic  Fluorescence  Spectrophotometer  model  SF-1 , 
the  fluorescence  spectra  of  the  following  solutions  were  obtained.  First, 
a 0.0173  M solution  of  N-nitropiperidine  in  100%  ethanol  was  prepared. 

The  excitation  wavelength  (X  max.)  was  380  nm  and  the  fluorescence  wave- 
length was  435  nm.  Then  a solution  of  0.0100  M benzophenone  in  100% 
ethanol  was  prepared.  The  exciting  wavelength  was  378  nm  and  it 


fluoresced  at  418  nm.  Finally  an  ethanol  solution  0.0100  M with  respect 
to  benzophenone  and  0.0135  M with  respect  to  N-nitropiperidine  was  pre- 
pared. The  exciting  wavelength  was  380  nm  and  the  solution  fluoresced 
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III.  DISCUSSION 

It  is  known  that  photochemical  reactions  occur  from  both  the  singlet 
and  the  triplet  states. 


It  is  desirable  to  know  if  the  model  compounds  when  irradiated  with 
ultraviolet  light  undergo  reaction  from  the  first  excited  singlet  state 
or  from  the  lowest  triplet  state.  The  following  table  represents  the 
fluorescence  data  obtained  from  three  ethanol  solutions. 


Compound 

N-nitropiperidine 
0.01 73 

Benzophenone 
0.0100  M 

N-nitropiperidine 
0.0135  M 
Benzophenone 
0.0100  M 


X irradiation 
380  nm 

378  nm 

380  nm 


X emission 
435  nm 

418  nm 

422  nm 
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The  molar  absorptivity  of  benzophenone  is  1.0  at  378  nm.  The  molar 
absorptivity  of  N-nitropiperidine  was  computed  as  follows: 

A = EbC 

A = Absorbance 

E = molar  absorptivity  (molar  extinction  coefficient) 

b * cel  1 path  (1.0  cm) 

C molar  concentration 

loo  -g-~-  = E (0.01  732) ( 1 .0 
.0635  = E 

The  absorbance  ( j°  ) can  then  be  computed  for  the  solution  containing 
both  N-nitropiperidine  and  benzophenone. 

= (0. 635) (0 .01 365) ( 1.0)  = 8.67  x 10"I * 3 
I 

I 9 

= (1.0)(0.0100)(1.0)  = 1 x 10'^ 

I 

The  benzophenone  then  absorbs  54TS  of  the  available  energy  and  the 
N-ni  tropiperidine  the  remaining  46‘i.  This  indicates  that  the  AE 
between  the  first  singlet  excited  state  of  benzophenone  and  that  of 
N-nitropiperidine  is  very  small. 

Since  the  fluorescence  spectrum  of  this  solution  has  only  one 
peak  (at  422  nm) , assuming  that  the  symmetry  of  the  two  separate 
fluorescence  spectra  were  the  same,  the  resulting  spectrum  can  be 
considered  as  a linear  combination  of  the  two. 





( 

i 

s 


422  = ( X) (41 8)  + Y ( 4 35 ) 

where  y = yy  y =»  % y = yy  (TOO)  = 23.5 

Therefore  the  benzophenone  is  emitted  76.5  percent  of  the  energy  and 
the  N-ni tropiperidin e only  23.5  percent.  The  N-nitropiperidine  is 
transferring  energy  to  the  benzophenone.  The  benzophenone  is  acting 
as  a quencher  but  does  not  quench  the  system  completely.  The  full 
importance  of  this  fact  will  come  to  light  in  the  analysis  of  the 
actual  interaction  between  benzophenone  and  N-nitropiperidine  when 
photolyzed. 

N-nitropiperidine  and  N,N-dini tropiperazine  were  prepared  and 
their  physical  characteristics  substantiated  by  refractive  index, 
boiling  or  melting  point,  infrared  and  NMR  spectra  where  applicable. 

The  third  compound  under  consideration  was  not  prepared  as  N,N^ -dinitro- 
1 ,3-di ami  nopropane  could  not  be  isolated  by  any  of  the  means  attempted. 

When  N.N'-dinitropiperazine  was  photolyzed  in  1,4  dioxane  under 
nitrogen  the  resulting  residue  from  the  photolysis  was  chromatographed 
on  Eastman  Chromatoplates  of  silica  gel.  The  fact  that  no  separation 
was  detected  does  not  preclude  the  possibility  of  the  residue  containing 
more  than  one  component.  The  band  at  1740  cm~^  in  the  infrared  spectrum 
of  the  methanol  insoluble  portion  of  the  photolysis  residue  indicates  the 
possible  presence  of  a y-lactams. 

N-nitropiperidine  was  photolyzed  in  1,4  dioxane  under  nitrogen. 

The  residue  remaining  after  stripping  of  the  solvent  was  almost  entirely 
soluble  in  carbontetrachloride.  The  infrared  spectrum  of  the  small 


- 21  - 


amount  of  insoluble  residue  indicates  some  sort  of  epoxide  or  polymer. 
Interpretation  of  the  infrared  spectrum  of  this  solution  indicates  the 
presence  of  the  y- lactam  (very  strong  band  at  1720  cm’1)  and  possibly 
small  quantities  of  other  amides.  The  NMR  spectrum  of  this  solution 
shows  poor  resolution.  However  a peak  at  6 = 5.0  indicates  a vinylic 
hydrogen  (H-OC).  As  explained  in  the  experimental  (see  page  16) 
this  could  be  due  to  Norrish  type  cleavage. 

Benzoohenone  was  added  to  a solution  of  N-ni tropiperidine  in 
1 ,4-dioxane  and  photolyzed  for  two  hours.  The  resulting  photolysis 
product  showed  y- lactam  bands  (1730  cm"1)  even  before  it  was  chromato- 
graphed. After  being  chromatographed  and  the  infrared  spectra  of  the 
two  samples  were  recorded,  it  was  still  possible  to  discern  these 
bands  indicative  of  both  y-lactams  and  amides  in  general  (1730  cm"1, 

1670  cm”1).  The  peaks  due  to  benzophenone  were  subtracted  out  by 
comparison. 

In  order  to  determine  if  the  y-lactam  is  a stable  product  under 
the  experimental  conditions  it  was  subjected  to,  several  photolyses 
were  conducted  using  2-pyrrol idone  whose  structure  is  f y 

First  a sample  of  2-pyrrol idone  in  1 ,4-dioxane  was  irradiated 
under  nitrogen.  Most  of  the  product  from  the  reaction  was,  in  fact, 
still  2- pyrrol idone.  New  bands  in  the  infrared  spectrum  of  the  photo- 
lysis product  and  the  presence  of  a peak  at  y = 5.0  in  the  NMR  spectrum 
indicate  that  Norris  type  cleavage  has  occurred  to  a limited  extent. 

This  can  be  represented  by  either  or  both  of  the  following  two  structures. 
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I.  CH?=CH-C-NH-CH3  II.  CH3-C-NH-CH=CH? 

In  order  to  make  the  photolysis  more  like  the  actual  experiments, 
the  nitrogen  sparger  was  replaced  with  a NO  (nitric  oxide)  sparger.  The 
2-pyrrol idone  in  1,4-dioxane  was  then  irradiated  for  2 hours.  The  conditions 
of  a very  large  concentration  of  NO  as  compared  to  the  amount  of  NO  actually 
liberated  in  the  photolysis  of  N-nitropiperidine,  for  example,  provides 
the  most  severe  conditions  possible.  The  infrared  spectrum  of  the 
photolysis  product  shows  a significant  change  when  compared  to  a spectrum 
of  2-p.yrrol  idone.  The  NMR  spectrum  of  the  photolysis  product  in  conjunction 
with  the  infrared  spectrum  makes  the  following  structures  possibly  new 
products. 


1 • /nN^° 


n 


II.  CH3-C-NH-CH2-CH2-NO 


Structure  I.  is  N-ni troso-2-pyrrol idinone.  This  structure  is  substantiated 
by  the  N-N=0  bands  in  the  infrared  spectrum.  Structure  II.  is  similar  to 
those  predicted  by  Norris  type  cleavage.  However,  the  peak  at  6 = 5.0 
is  missing  in  the  NMR  spectrum  indicating  that  this  structure  must  be 
saturated.  This  is  substantiated  by  the  fact  that  NO  can  act  as  a scav- 


enger as  indicated  in  the  following  reaction. 
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It  can  be  seen  that  structure  111  is  simply  the  first  step  in  Norris 
type  1 cleavage.  The  NO  "traps"  the  radical  on  the  carbon  adjacent  to 
the  nitrogen  then  the  other  radical  abstracts  a hydrogen  atom  from  the 
solvent . ' 

By  subjecting  1,4-dioxane  by  itself  to  irradiation  under  NO. 
it  was  seen  by  comparison  of  infrared  and  NMR  spectra  of  photolvzed 
and  unphotolyzed  dioxane  that  there  is  no  decomposition  of  the  1,4-dioxane 
by  itself.  This  does  not  preclude  the  possibility  that  when  the  model 
compound  is  present  abstraction  of  a hydrogen  atom  and  other  processes 
can  occur.  The  formation  of  small  amounts  of  open-chain  amides,  i.e. 
Norrish  cleavage,  does  support  the  assumption  that  Indeed,  hydrogens  are 
abstracted  from  the  1,4-dioxane. 

The  following  is  proposed  as  a possible  mechanism  for  the  photo- 
chemical decompos i tion  of  cyclic  nitramines. 


Ill 


Juc >. 

IV,  V 


Kv 


i.  (20) 

II.  (21) 

III.  (15) 

IV.  (22) 

V.  (23) 

It  was  found  that  the  majority  of  the  end  product  of  the  decomposition 
reaction  was  a cyclic  amide  with  traces  of  open-chained  amides  present  as 
explained  by  Norrish  cleavage.  The  evidence  in  the  infrared  spectrum  of 
photolysis  products  (see  Experimental  page  13  ) of  small  quantities  of 
high  molecular  weight  polymers  being  present  is  supported  by  Bonnot;*  ' who 
said  that  nitrones  tend  to  polymerize  if  not  hindered.  Since  the  absorption 
wavelengths  are  almost  equal  for  all  of  the  reaction  intermediates  it  is 
not  surprising  that  only  small  amounts  of  the  nitrone  would  have  time  to 
polymerize.  Attempts  to  isolate  the  reaction  intermediate  by  several  workers 
(Moon,  Swanson,  and  others)  were  not  successful  due,  at  least  in  part,  to 
their  facile  photochemical  conversion. 
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Nitre amines . 

Decomposition  (Chemistry) 

Photochemistry. 

Explosives,  Military. 

Nitro  compounds. 

abstract  tramine  s .~Tn7tiali  y~t 

synthesis  of  3 nitramines  which  have  similar  properties  to  1,3,5-trinitro- 
1,3,5-triazacyclohexane  (RDX)  was  performed.  The  3 compounds  were:  N-nttro- 
piperidine,  N,N-dinitro-piperazine,  and  1 ,3-dinitro-1 , 3-d iaza cyclohexane . 

They  were  characterized  by  their  infrared  and  NMR  spectra,  and  by  ca 
parison  of  their  physical  properties  with  literature  values.  - The  photochem' 
istry  of  N-nitropiperidine  and  N-N-dinitropiperazine  was  conducted  in  a quar 

immersion  lamp  I?QOw)A  ’Du 


cell  using  a Ha no via  medium  pressure,  mercury-arc, 
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detailed  examination  and  procedures  enclosed. 

The  functionality  of  the  decomposition  products  led  to  the  proposal 
of  a mechanism  which  describes  the  photochemical  decomposition  of  cyclic 
nitramines.-  J 
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